Background The main objective of this study was to evaluate the association between the acromial index (AI) and the incidence of recurrent tears of the rotator cuff (RC) in a cohort of patients with full thickness tears who underwent arthroscopic primary repair. Methods A prognostic study of a prospective case series of 103 patients with full thickness RC tears was undertaken. The average age was 59.5 years (39-74) and follow-up was 30.81-months (12-72). True anterior-posterior X-rays were obtained during the pre-operative evaluation. Pre and post-operative magnetic resonance imaging (MRI) were recorded. Results Eighteen cases with recurrent tears (17.4 %) were seen on post-operative MRI. The average AI for patients with recurrent tears was 0.711±0.065 and for patients without recurrent tears 0.710±0.064 (p<0.05). A positive association between age and recurrent tears of the RC was noted (average ages: recurrent tears group 63±5.9 years; group without recurrent tears 58.8±7.5 years) (r=−0.216; p=0.029). We did not find an association between size of the primary tear and recurrent tears (r=−0.075; p<0.05) or between degrees of retraction of the primary and recurrent tears of the cuff (r=−0.073; p<0.05). We observed that 38.9 % of the recurrent tears cases presented with more than one tendon affected before the arthroscopy. At follow-up, none of these recurrent tears showed more than one tendon affected on MRI evaluation.
Introduction
Currently the causes for recurrent tears of the rotator cuff (RC) tendons after reconstruction are poorly understood. It has been stated that intrinsic factors such as age of the patients, size of the tear, fatty degeneration and retraction of the affected tendons may play a role as predictors for recurrent tears after successful surgery [1] [2] [3] [4] [5] [6] [7] . Regardless, at this point, the only clear predictor that positively correlates with a higher recurrent tear rate seems to be the age of the patient at the moment of surgical intervention [2, 5, 7, 8] .
Concerning the pathogenesis of primary RC tears, there is considerable debate about the main factor responsible for this pathology. On the one hand, some authors support an intrinsic theory of damage, in which the degeneration of the tendon in aged patients would be the primary cause of the tear [9] [10] [11] . Others favour an extrinsic theory, where the RC tendons are chronically damaged by an impingement phenomenon, mainly under the anterior and lateral part of the acromion. This matter could be considered in the aetiology for recurrent tears of the RC after primary repair [12] [13] [14] .
Other authors have investigated the lateral extension of the acromion on the humeral head (acromion index, AI) and its relationship with tearing of the RC, documenting that those patients with complete tears have a significantly larger AI, compared with individuals with an intact cuff [15] [16] [17] [18] [19] .
Unlike others factors such as age, fatty degeneration or size of the primary tear, the morphology of the acromion is a factor that can be surgically modified by partially excising the anterior and lateral portion when performing an acromioplasty and subacromial decompression during arthroscopic repair of the RC.
Currently, there is no evidence that greater AI measurements correlate with increased incidence of recurrent tears after primary repair of full thickness RC tears; in an attempt to clarify this matter, we conducted a prognostic study of a prospective case series.
The main objective of this study was to evaluate the association between AI and the incidence of recurrent tears of the RC in a cohort of patients with full thickness tears, who underwent arthroscopic primary repair.
The hypothesis of this investigation was that patients with a larger AI present a higher rate of recurrent tears of the RC after primary arthroscopic repair.
Methods
A prognostic study of a prospective case series (patients enrolled at different points in their disease and over 80 % of the series were included in the follow up) of 103 patients with full thickness RC tears underwent an arthroscopic reconstruction between 2003 and 2006, performed by one of the two senior authors.
All RC patients that undergo arthroscopic repair at our institution are included in a cross-platform relational database application program (File Maker Inc., Santa Clara, CA, USA). The cases from this study were collected from the database in order to evaluate clinical, arthroscopic and descriptive data from the series. Patients were prospectively assessed in order to determine the incidence of recurrent tears of the RC using retrospective collection of data. Part of these series of cases was previously analysed in a different study and are included in the present report [20] .
The average time of follow-up for the series was 30.81-months (range 12-72); at this time the post operative magnetic resonance imaging (MRI) was requested. There were 33 females and 70 males with an average age of 59.5 years (range 39-74) at the time of the arthroscopic intervention. Surgery was performed in 71 patients in the right shoulder and in 32 cases in the left side. In 53 cases the dominant side was affected.
We documented that 61 patients suffered a traumatic RC tear and 43 a degenerative tear without acknowledged trauma.
The inclusion criteria were: (a) traumatic or degenerative aetiology of the rupture, (b) RC primary rupture repaired arthroscopically, and (c) single or double row arthroscopic reconstruction.
The exclusion criteria for our study were: (a) patients with partial tears, (b) partial reconstruction of the SSP tendon, (c) frozen shoulder, (d) glenohumeral osteoarthritis, (e)upward migration of the humeral head with acromio-humeral distance less than five millimetres, and (f) severe muscle atrophy and fatty infiltration more than stage III according to Thomazeau et al. [21] .
Surgical technique
An arthroscopic reconstruction of the RC was performed in all 103 patients. Single row reconstruction using a modified Mason-Allen suture stitch was performed in 76 patients, with one to three peek or bioabsorbable, double loaded, 5.5-mm anchors (Arthrex Inc., Naples, FL, USA). Double row reconstruction with two to three peek or bioabsorbable double loaded 5.5-mm anchors for the proximal row and two 4.5-biocomposite Push-Lock anchors (Arthrex Inc.), for the lateral row, was performed in 27 patients.
General anaesthesia and interscalenic plexus nerve block for adequate postoperative analgesia were used in the entire case series. The procedure was performed with the patients placed in the beach chair position. Diagnostic arthroscopy was performed through a standard posterior arthroscopic portal. Afterwards the scope was placed in the subacromial space and any outlet impingement was diagnosed and treated using a 4.5 or 5.0 burr (Arthrex Inc., Naples, FL, USA) using a combined acromioplasty surgical technique, where initially about five millimetres of anterior and lateral border of the acromion were resected until the acromio-clavicular joint was reached, afterwards the scope was placed in the anterior and lateral portal and the shaver in the posterior portal to smooth the resected border [22] . The scope was later placed in this portal to perform the bursectomy and to adequately visualise the size, configuration and retraction of the tear. To perform the surgery on the long biceps tendon (tenotomy or tenodesis) and on the RC, the scope was placed in a posterolateral portal. Inter-articular and/or subacromial mobilisation of the cuff was performed at this time. Debridement of the footprint was also performed during the same step. An anterior superior portal was created to position the anchors and to "park" the sutures.
Acromioplasty was performed in all but three patients, where an appropriate subacromial space was subjectively documented during the surgery. Arthroscopic long biceps tenodesis was performed in 35 patients, using a 4.5-biocomposite Push-Lock anchor (Arthrex Inc.). Tenotomy was done in 24 cases. Reconstruction of the RC was performed using standard surgical technique.
Patients remained three days in hospital for analgesic treatment. The shoulders were immobilised for three weeks in a 15°abduction pillow. Passive range of motion of the shoulder began on the first postoperative day and was limited to 60°of abduction and 30°of external rotation for six weeks. Active range of motion was started once the shoulder had gained free forward elevation. Strengthening exercises were carried out for a minimum of four months.
Radiographic analysis
The AI was measured and calculated by two independent observers on preoperative standardised, true anterior-posterior radiographs according to Nyffeler et al. [17] . A first line connecting the superior and inferior osseous margins of the glenoid cavity, representing the plane of the glenoid articular surface was drawn. Second and third parallel lines were drawn at the lateral border of the acromion and at the most lateral border of the proximal part of the humerus, respectively. The distance between the glenoid to the acromion (GA) and the distance from the glenoid to the lateral part of the humerus at the greater tuberosity (GH) were measured and AI was calculated as the relationship between these two measurements (GA/GH) (Fig. 1 ).
MRI evaluation
All 103 patients underwent a standardised open MRI (ESAOTE E-scan XQ, Esaote S.p.A, Genova, Italy) examination preoperatively and then at 24 months follow-up. MRI was performed using a shoulder coil with paracoronal T1-weighted spin-echo sequences, paracoronal T2-weighted turbo spin echo, parasagittal T1-weighted spin echo sequences and transaxial T1-weighted spin echo sequences.
The MRIs were evaluated by one of two independent observers. On the preoperative MRI, classification of the cuff retraction according to Patte was performed [23] . Recurrent tears of the cuff were reviewed in the postoperative MRI; recurrent tear was defined as the lack of continuity of the tendon and footprint interphase in one slice of the MRI in the coronal plane. Postoperative evaluation of muscle atrophy and fatty infiltration of the rotator cuff was not performed in this study.
Statistical analysis
All measured results were transferred into Statistical Package for the Social Sciences (SPSS, version 13.0, SPSS Inc., Chicago, IL, USA) to perform statistical analysis. Descriptive statistics were carried out to calculate the means and standard deviations (SD). Wilcoxon-signed-rank test was used to analyse the pre and postoperative results. MannWhitney U test was used to compare the mean AI index in patients with traumatic and degenerative tears; mean AI in patients with and without re-tearing of the RC; mean AI in patients with and without re-tears in the degenerative RC tears group. Pearson correlation coefficient was used to assess the relationship between the AI and (1) size of the tear, (2) retraction of the tendon and (3) age of the patient. To compare the means and to identify any relationship between acromion index and the results, a paired Student t-test was used. A twotailed p<0.05 was considered statistically significant.
Source of funding
This study was funded by departmental funds, which were used to pay the costs for imaging. There was no exterior source of funding that could have played a role in the investigation.
Results

Radiographic and MRI outcomes
There were 18 cases with recurrent tears (17.4 %) of the RC in the entire group, revealed by a post operative MR (Fig. 2) . Eight of these were found in the degenerative tears group. We observed that seven of these cases had more than one tendon involved initially and all but one case (where the subscapularis [SSC] developed a recurrent tear), revealed postoperative rupture of the supraspinatus (SSP) tendon. In Table 1 we present a detailed description of the initial tear configuration, describing the degree of muscle atrophy according to Thomazeau [21] and the degree of retraction according to Patte [23] .
We have shown a positive association between age and recurrent tears of the RC tendons (average age for the recurrent tears group of 63±5.9 years; average age for group without recurrent tears 58.8±7.5 years) (r= −0.216; p=0.029).
In Table 2 , we describe all the analysed factors. None of the remaining evaluated parameters presented significant differences. Fig. 1 In this figure we observe a true anteroposterior X-ray of the left shoulder, where the acromial index (AI) was measured according to Nyffeler et al. [17] . GH gleno-humeral distance, GA glenoid-acromion distance We observed that seven cases (38.9 %) of the recurrent tears cases (18 cases) had more than one tendon affected before the arthroscopy. At follow up, none of these recurrent tears presented more than one tendon affected on MRI evaluation.
In Table 3 we present the documented values for the AI in degenerative and traumatic RC tears. No differences were documented amongst AI measurements.
Analysing the recurrent tears of the RC group (18 cases), we observed that in ten patients (55.6 % with average AI of 0.71) the technique used during arthroscopy was a doublerow repair and that in eight cases (44.4 % with average AI of 0.73) a single-row repair was performed (P=0.243).
Discussion
Nowadays there is still considerable controversy regarding the pathogenesis of RC tears and the causes of recurrent tears of the repaired tendons. Early in the last century Codman and Akerson [24] stated that while most of the RC tears result from a traumatic event, the primary source is degenerative. Ozaki et al. [25] , by studying partial articular tears in cadaveric specimens, proposed that age-related degenerative changes in the RC are the cause of the subsequent tears. Several other authors are in favour of an intrinsic degenerative aetiology as the main cause for RC pathology [26, 27] .
On the other hand, since Armstrong et al. [28] in 1949 proposed that a painful arc of motion of the shoulder was caused by impingement of the SSP tendon under the bursa and the acromion, and later with Neer [29] stating that up to 95 % of the RC injuries are caused by chronic impingement under the acromion, many authors have focused their research on the relationship between RC injuries and different characteristics Fig. 2 In this figure we observe a coronal T2 sequence MRI image of a failed RC repair. An adequate subacromial space is observed; failure is located medial to the repair Table 1 We describe the initial tear configuration, describing the degree of muscle atrophy according to Thomazeau [21] AI acromion index, SSP supraspinatus, ISP infraspinatus, SCP subscapularis of the acromial bone, such as its shape, the anterior acromion slope, the lateral angle of the acromion and lately the lateral extension of the acromion over the humeral head [30, 31] . Indeed, Nyffeler et al. [17] studied a group of 102 patients (average age 65.0 years) with a full thickness RC tear, in an age-and gender-matched group of 47 patients (average age 63.7 years) with osteoarthritis of the shoulder and an intact RC, and an age-and gender-matched control group of seventy volunteers (average age 64.4 years) with an intact RC as demonstrated by ultrasonography; they documented significant differences between the AI of patients with complete tears of the RC 0.73±0.06 and patients with an intact RC, 0.60±0.08 in those with osteoarthritis and an intact cuff, and 0.64±0.06 in the asymptomatic, normal shoulders with an intact cuff. The difference between the AI in the shoulders with a full thickness SSP tear and the AI in those with an intact rotator cuff was highly significant (p<0.0001).
Furthermore, Torrens et al. [18] , measuring the lateral extension of the acromion using a different method (acromial coverage index), found significant differences in the values between patients with RC tear (with and without surgery) and those patients with an intact cuff. These authors evaluated 148 shoulders, including 45 that underwent surgical RC repair (group I), 26 with documented RC tears treated conservatively (group II), and 77 with no cuff pathology as a control group (group III). They reported an average acromial coverage index was 0.68 in group I, 0.72 in group II, and 0.59 in group III, reporting a significant difference (P <0.0001) between the control group and both cuff tear groups. The authors reported that patients with a cuff tear have a significantly higher acromial coverage index than the control group.
Afterwards, Zumstein et al. [32] reported a cohort of patients who underwent open repair of the RC at a mean follow-up of 9.9 years. They found a larger AI in patients with recurrent tears of the RC compared to those without failure. The arguments advanced to explain why a greater lateral extension of the acromion may be a risk factor for tearing and recurrent tearing of the RC, have mostly to do with the function of the deltoid muscle. Patients with an increased AI, having in consequence a lateralised insertion of the deltoid would have a greater ascending vector force of the humeral head, which would impinge under the acromion, causing chronic degenerative damage and ultimately tearing of the RC. On the other hand, patients with a lower AI, would have a more medial insertion of the deltoid, and then major compression forces over the glenoid cavity, which could theoretically determine a higher incidence of osteoarthritis.
In our results, the overall recurrent tears incidence was 17 %. We found no correlation between recurrent tears rate and preoperative size and retraction of the RC. The only positive correlation we documented was between recurrent tears rate and age, as is described also in previous studies [17] [18] [19] [20] 33] .
We also noted, that the mean AI for the entire group was 0.72, which is in concordance with the values reported in the study of Nyffeler et al. [17] . However, we found no positive correlation between a larger acromion index and the incidence of recurrent tears of the RC. In our study, no differences were encountered between the AI of traumatic or degenerative lesions of the RC. Analysing the recurrent tears of the RC group (18 cases), we observed that in ten cases (55.6 % with average AI of 0.71) the technique performed during arthroscopy was a double-row repair and that in eight cases (44.4 % with average AI of 0.73) a single-row repair was performed (P=0.243). We found no significant differences amongst groups once we analysed the incidence of recurrent tears, AI average and surgical technique used for arthroscopic repair.
A weakness of the study is that we did not document the AI in cases without subacromial impingement clinical findings to have a disease-free control group. This perhaps would have given stronger significance to the statistical findings we presented, reporting sensitivity, specificity, positive predictive value and negative predictive value of the AI measurement as a tool to evaluate prognostic factors on RC recurrent tears after primary repair.
We cannot explain why we found different results in our study when comparing our findings to some reports currently discussed in the literature [15] [16] [17] [18] [19] 32] ; although, we consider that one important factor to explain the divergent results, is the fact that the imaging X-rays studies will unavoidably present bias amongst the projection of the X-ray beam in the patient, the spatial position of the evaluated joint, the morphology of the patient and finally the bias amongst evaluators of the indexes to be measured. Further studies are needed to support this hypothesis.
Conclusion
In our study, we found that the AI radiological measurement is not a predictor for RC recurrent tears after primary arthroscopic repair.
